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Ocular Irritectiona b s t r a c t
Both a prospective and a retrospective validation study were undertaken to assess the suitability of the
Ocular Irritection assay to discriminate ocular hazards as deﬁned by the OECD and UN Globally
Harmonized System (UN GHS) for classiﬁcation. The primary focus of the study was to evaluate the
usefulness of the Ocular Irritection assay to reliably discriminate chemicals not requiring classiﬁcation
(UN GHS non-classiﬁed), from classiﬁed chemicals (UN GHS Categories 1 and 2). Furthermore a post-hoc
evaluation was carried out to evaluate the usefulness of the assay to discriminate chemicals inducing
serious eye damage (UN GHS Category 1) from other classes. The prospective validation study was
conducted between 2009 and 2012 following internationally agreed principles. A set of 56 coded test
chemicals for which quality and/or peer-reviewed in vivo data were available were used to obtain pro-
spective data on the assay’s reliability (reproducibility within and between laboratories) and relevance
(predictive capacity).
The assay showed good within-laboratory variability, transferability including to a naïve laboratory,
and between-laboratory concordance of classiﬁcations (82% for the discrimination of non-classiﬁed from
classiﬁed chemicals, and 83% for the discrimination of Category 1 from other classes). The obtained pro-
spective data were then combined with existing data on the Ocular Irritection collected from various
sources, totaling 88 chemicals with parallel in vivo and in vitro data to obtain a comprehensive assess-
ment of the test method performances. The enlarged dataset comprised 43 non-classiﬁed, 25 Category
2 and 20 Category 1 chemicals according to the UN GHS classiﬁcation.
When used for the identiﬁcation of UN GHS non-classiﬁed versus classiﬁed materials (based on the
existing cut-off of 12.5) the Ocular Irritection assay showed an overall a sensitivity of 93% and a spec-
iﬁcity of 58%. An evaluation on possible reasons for misclassiﬁcation identiﬁed some organic functional
groups (acrylate, carboxamide and cycloalkene) to correlate with the observed mispredictions. If these
functional groups were excluded from the Ocular Irritection applicability domain, the obtained dataset
(n = 79 chemicals distributed as 41 UN GHS Classiﬁed and 38 Non-Classiﬁed chemicals) had an overall
sensitivity of 98%, and speciﬁcity of 63%, which is in line with currently adopted test methods.
When used for the identiﬁcation of UN GHS Category 1 versus other categories (based on the existing
cut-off of 30.0) the Ocular Irritection assay showed an overall speciﬁcity of 81% and a sensitivity of 50%
which is again in line with currently adopted test methods.
The Ocular Irritection assay appeared therefore as a useful test method to predict chemicals not
requiring classiﬁcation for eye hazards according to the UN GHS classiﬁcation system. Furthermore the
method was found suitable to identify serious/irreversible eye damage (UN GHS Category 1). The detailed
documentation and results of the study have been submitted to an internationally recognized validation
centre for peer-review.
 2014 Elsevier Ltd. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/3.0/).
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1.1. Background
The Ocular Irritection assay evaluates the ocular hazard effects
of test chemicals based on the premise that eye irritation and cor-
neal opacity after exposure to irritating substances is the result of
perturbation or denaturation of corneal proteins. The test method
makes use of a macromolecular reagent composed of a mixture of
proteins and glycoproteins, carbohydrates, lipids and low molecu-
lar weight components, which when rehydrated, form an ordered
macromolecular matrix mimicking the structure of the transparent
cornea. Irritant substances produce a turbidity of the reagent by
changing both protein conformation and degree of hydration. This
mechanism is believed to mimic the disruptive effects ocular irri-
tants may have on the highly organized structure of corneal pro-
teins and carbohydrates which result in corneal cloudiness/
opacity in the in vivo Draize test.
The Ocular Irritection assay represents a reﬁnement of the
former Eytex method (Kelly, 1989; Gordon, 1992) following rec-
ommendations made by Balls et al. (1995). In 1996, the system
underwent substantial revisions to take into account the recom-
mendations made during the earlier multi-laboratory trials
including the development of a single protocol, clear procedures
for surfactant testing, and a well deﬁned applicability domain.
The reﬁned assay has been used since for almost 20 years to
assess the ocular irritancy of cosmetics, personal care products,
their related chemicals, surfactants, industrial chemicals, petro-
chemicals and textiles. It is presented as a kit comprised of
instrumentation and computer software that have been inte-
grated to provide an automated in vitro test. Furthermore,
because of its biochemical nature, Ocular Irritection offers an
extended shelf-life (of 2 years) and can therefore be readily avail-
able across the world.
A prospective and a retrospective validation study were under-
taken to assess the relevance and reliability of the Ocular Irritec-
tion assay to discriminate ocular hazards as deﬁned by the
OECD and UN Globally Harmonized System (UN GHS) for classiﬁca-
tion (UN, 2011) and as implemented in the European Commission
Regulation on Classiﬁcation, Labelling and Packaging (EU CLP) of
substances and mixtures (EC, 2008). The main focus of the study
was to evaluate the usefulness of the Ocular Irritection assay to
reliably discriminate chemicals not requiring classiﬁcation for
eye irritation or serious eye damage (UN GHS/EU CLP non-classi-
ﬁed), from classiﬁed chemicals, to be incorporated as an initial step
in a Bottom-up testing strategy approach as deﬁned by Scott et al.
(2010). Furthermore a post-hoc analyses assessed the usefulness of
the Ocular Irritection assay to discriminate chemicals inducing
serious eye damage (UN GHS/EU CLP Category 1) from other clas-
ses (UN GHS/EU CLP Category 2 and non-classiﬁed), to be incorpo-
rated as an initial step in a Top-Down test strategy approach as
deﬁned by Scott et al. (2010).1.2. Goals and objectives
A prospective validation study was undertaken between 2009
and 2012 on the Ocular Irritection assay in order to conﬁrm its
reliability (reproducibility within and between laboratories) and
to obtain additional prospective data on its relevance (predictive
capacity). For this purpose, a challenging set of 56 coded test
chemicals for which quality and/or peer-reviewed in vivo data
were available were tested in three runs in three laboratories.
The prospective study was undertaken according to the principles
and criteria documented in the OECD Guidance Document on the
Validation and International Acceptance of New or Updated TestMethods for Hazard Assessment (No. 34, OECD, 2005) and accord-
ing to the ECVAM Modular Approach to validation (Hartung et al.,
2004).
The obtained prospective data were then combined with exist-
ing data on the Ocular Irritection assay collected from various
sources in order to obtain a comprehensive assessment of the test
method performances and its usefulness to integrate a tiered test
strategy as deﬁned by Scott et al. (2010), with the ultimate aim
to replace the in vivo Draize rabbit eye test (OECD, 2002).
1.3. Management and conduct of the study
A Validation Management Group (VMG) was responsible for
oversight of the conduct of the prospective and retrospective
study. The VMG approved the goals and objectives of the study,
the prospective study design and project plan, the protocols, time-
lines, the training and transferability, the data evaluation and
interpretation procedures, and the study conclusions (see Fig. 1).
Furthermore, the VMG members shared responsibilities on the
overall logistical coordination of the study including the communi-
cation ﬂow and reporting minutes from the VMG meetings and
teleconferences.
The VMG was chaired and co-chaired by independent consul-
tants having experience with formal validation studies. An inde-
pendent chemicals selection group was responsible for the
selection of the chemicals prospectively tested, and an indepen-
dent biostatistician performed the statistical analysis and data
evaluation of the study. The VMG also included representatives
from the sponsors and from the lead laboratory. However, strategic
decisions were taken in the most independent way. For instance,
chemicals selection was carried out in collaboration with ECVAM
and in the absence of representatives from the sponsors and lead
laboratory. Similar care was taken in case other strategic decisions
arose. Finally, evaluation of the ﬁnal results and reporting of the
study were prepared by the independent consultants.
For the prospective validation study, acceptance criteria for the
identiﬁcation of UN GHS/EU CLP non-classiﬁed chemicals was
established in advance as follows: sensitivityP95% and speciﬁcity
P50%. Such criteria was deﬁned in line with the test methods
recently validated and adopted for the purpose of identiﬁcation
of non-classiﬁed materials (Hartung et al., 2010; OECD, 2013a–d).
Finally, the different steps of the validation were audited,
including the produced data, results and the kit production as
follows:
– Data generated by participating laboratories were audited by
the independent biostatistician;
– Biostatistical data compilation was audited by the participating
laboratories;
– Biostatistical evaluations were audited by SeCAM;
– Ocular Irritection kit production was independently audited by
a consultant with experience in the regulatory and quality com-
pliance according to ISO 9001, ISO 13485, and GLP principles.
1.4. Participating laboratories
The speciﬁc obligations and responsibilities of the participating
laboratories were deﬁned in advance and speciﬁed in contracts
between the sponsors (InVitro International, US and INT.E.G.RA,
Italy) and the participating laboratories. These included but were
not limited to, the adherence to the test method Standard Operat-
ing Procedures (SOP), project plan, work program, prescribed time-
table for data submission, clariﬁcation of ownership of results and
publication procedures. Each laboratory was also responsible for
following the OECD Good Laboratory Practices (GLP) principles,
and for specifying and applying the appropriate Quality Assurance
Co-Sponsors (IVI, INT.E.G.RA) 
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Fig. 1. Management structure of the Ocular Irritection validation study. QC: Quality Control; PM: Prediction Model.
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followed the appropriate national health and safety requirements
and designated a Safety Ofﬁcer as the point of contact for any
potential health and safety issues related to the prospective
validation study.
InVitro International (IVI), US, who developed and has over
20 years of experience with theassay, was the lead laboratory in
the validation study. The other two laboratories participating in
the prospective study were ResPharma Industriale (RP) in Italy,
as an experienced laboratory with the Ocular Irritection assay,
and the Institute for In vitro Sciences (IIVS) in US, as a naïve labo-
ratory with experience on in vitro toxicity testing but no previous
experience using the Ocular Irritection assay. The three laborato-
ries were based at geographical distant locations on two different
continents, to evaluate the Ocular Irritection assay’s perfor-
mances across different geographical regions.
The lead laboratory was responsible for preparing detailed pro-
tocols on the Ocular Irritection

assay method and for providing
training to the technical staff of the other testing facilities. The par-
ticipating laboratories had experience in performing in vitro test
method(s) and provided competent personnel, adequate facilities,
equipment and supplies.
The participating laboratories were allowed to freely communi-
cate and meet during the training and transfer phases of the study.
Such meetings were organized by the lead laboratory and occurred
without a formal approval by the VMG. However, during the test-
ing phase, the participating laboratories and the personnel respon-
sible for providing training on the test methods were no longer
able to contact each other regarding the validation study without
the previous knowledge and approval by the VMG.Fig. 2. Schematic diagram depicting presumed changes in the Ocular Irritection
protein reagent induced by irritant chemicals.2. Material and methods
2.1. The Ocular Irritection assay
2.1.1. Principles of the test
The Ocular Irritection assay is a standardized and quantitative
in vitro test developed to predict the ocular irritation potential ofboth pure chemicals and mixtures of chemicals. The Ocular Irritec-
tion test method consists of two components. The ﬁrst compo-
nent is a reagent solution composed of a mixture of proteins,
glycoproteins, carbohydrates, lipids and low molecular weight
components that self-associate when rehydrated to form a com-
plex macromolecular matrix that mimics the highly ordered struc-
ture of the transparent cornea. The second component is a
membrane disc that permits controlled delivery of the test mate-
rial to the reagent solution. It is believed that irritant substances
can induce protein denaturation and disaggregation of the protein
reagent macromolecular matrix, thus mimicking the disruptive
effects that ocular irritants may have on the highly organized
structure of corneal proteins and carbohydrates (see Fig. 2).2.1.2. Endpoints and prediction model
Changes in the turbidity of the reagent solution caused by the
tested material can be quantiﬁed by measuring an increase in light
scattering detected at a wavelength of 405 nm (OD405) with the
help of a spectrometer.
The increase in optical density produced by the test material is
compared with that produced by a set of calibration substances,
each of which having previously estimated in vivo irritancy poten-
tial. As a consequence, a standard curve is used to correlate the
Ocular Irritection in vitro optical density measurement to the
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Irritection Score.
The prediction model used to compare the in vitro Irritection
Score and in vivo classiﬁcation was initially developed for the for-
mer Eytex assay against the in vivo Maximum Average Scores
(MAS). This prediction model was further reﬁned in the Ocular Irri-
tection assay and conﬁrmed before initiating the testing phase of
this prospective study. The method was conﬁrmed for its useful-
ness to identify the UN GHS/EU CLP classiﬁcation using a set of
23 chemicals (9 non-classiﬁed, 12 Category 2 and 2 Category 1
chemicals based on the UN GHS/EU CLP classiﬁcation system).
The prospective validation study was then conducted to distin-
guish classiﬁed from non-classiﬁed chemicals using the previously
existing cut-off of 12.5. Furthermore a post-hoc evaluation of the
data was carried out to evaluate the predictive capacity of the pre-
viously existing cut-off 30.0 for the identiﬁcation of UN GHS/EU
CLP Category 1. Table 1 shows the previously existing Ocular Irri-
tection prediction model (based on degree of ocular irritancy)
and the one applied for the classiﬁcation and labeling of ocular irri-
tation according to the UN GHS/EU CLP classiﬁcation systems (no
classiﬁcation; Category 2; Category 1).
2.2. Study design
2.2.1. Prospective validation study
The prospective validation study was designed to primarily
evaluate the ability of the Ocular Irritection assay to reliably dis-
criminate between chemicals classiﬁed for eye hazards from non-
classiﬁed chemicals according to the UN GHS/EU CLP classiﬁcation
systems. The number of chemicals required was determined statis-
tically by sample size calculation. Sensitivity, i.e. the proportion of
chemicals correctly predicted as eye classiﬁed materials, and spec-
iﬁcity, i.e. the proportion of chemicals correctly predicted as non-
classiﬁed materials, were deﬁned as the primary parameters to
be estimated from the validation study data. To simplify the calcu-
lation, the independence of these two parameters was assumed, as
well as the independence of the classiﬁcation of a given chemical
from the classiﬁcation of another chemical. Taking into account
the experience of the laboratories with the assays, pre-estimates
of 50% speciﬁcity and 95% sensitivity were deﬁned. The lower con-
ﬁdence bounds were set as 25% and 75%, respectively, while the
conventional 5% signiﬁcance level and 80% power were applied.
Using the software package ‘Power and precision’ (release 3.2),
sample sizes of 27 non-classiﬁed chemicals and 23 classiﬁed chem-
icals were determined. In order to have a margin of safety to com-
pensate for unforeseeable events, additional test chemicals up to
32 non-classiﬁed and 28 classiﬁed test chemicals were considered.
In addition, a balance between UN GHS/EU CLP Category 1 and Cat-
egory 2 was sought to allow for a post-hoc evaluation of the ability
of the Ocular Irritection to identify serious eye damage, i.e., UN
GHS/EU CLP Category 1. Three laboratories participated to the pro-
spective study where each laboratory tested each chemical in three
identical, but independent experiments.
2.2.2. Retrospective data collection
In addition to the data generated on chemicals tested during the
prospective validation study, a total of 83 chemicals were retrieved
having existing raw in vitro data on the Ocular Irritection assay.Table 1
Prediction model of the Ocular Irritection assay.
Irritection Score Degree of ocular irritancy UN GHS/EU CLP classiﬁcation
0–12.5 Non-irritant/minimal No Category
>12.5–30.0 Mild Category 2
>30.0–51.0 Moderate Category 1
>51.0 SevereFollowing a selection based on the criteria described in Sec-
tion 2.3.2, these chemicals were considered in a retrospective eval-
uation, to take into account all existing data on the Ocular
Irritection assay.2.3. Test chemicals
2.3.1. Prospective validation study
2.3.1.1. Chemicals selection. Chemicals selection was carried out in
collaboration with ECVAM in order to ensure unbiased selection,
to increase the independency of the chemicals selection process,
and to allow comparison of Ocular Irritection performance to
other assays being evaluated for eye irritation testing.
A total of 56 substances were selected for testing, including 31
non-classiﬁed and 25 classiﬁed test chemicals for ocular irritancy
(UN GHS/EU CLP Category 1 and 2). These numbers include the
minimum number of substances needed from a biostatistical point
of view as described in chapter 2.2.1 (27 non-classiﬁed + 23 classi-
ﬁed chemicals), and additional 6 chemicals (4 non-classiﬁed and 2
classiﬁed ones) to compensate for unforeseeable events. Table 2
shows the characteristics of the selected chemicals.
The availability of good quality existing rabbit Draize in vivo
data was a pre-requisite for chemicals selection so that all selected
chemicals had their in vivo data reviewed. In addition, the selected
chemicals comprised a balanced distribution between UN GHS/EU
CLP Category 1 and Category 2 (12 and 13 respectively) and a good
representation of liquids and solids (32 and 24 respectively). A
wide range of chemistry (including surfactants), use/function and
physico-chemical properties were included in the selection, as well
as a distribution of the various US EPA eye hazard categories (see
Section 3.1.1 for details). The only restriction was to ensure that
the selected test chemicals were consistent with the pre-deﬁned
applicability domain of the Ocular Irritection as deﬁned in its
SOP (e.g., pH in the range of 4–9). For instance, three chemicals that
had initially been considered had to be excluded as found to be
outside of the Ocular Irritection applicability domain (one Cate-
gory 1 and two Category 2B according to the UN GHS/EU CLP clas-
siﬁcation systems). Furthermore one additional chemical was
excluded from the ﬁnal data analyses since due to an oversight it
had been included twice in the dataset of selected chemicals (UN
GHS/EU CLP non-classiﬁed chemical).2.3.1.2. Chemicals acquisition, coding and distribution. The acquisi-
tion, coding and distribution of test chemicals were carried out
independently by FARCOS (Italy), certiﬁed according to ISO 9001
and GLP. FARCOS also measured the pH of all prospectively tested
chemicals. The codes were prepared by the independent biostatis-
tician of the study using a randomly generated string, in which dif-
ferent codes were provided to different laboratories, and to each
repeat of the same test chemical, so that a total of 504 samples
(56 chemicals  3 samples  3 laboratories) with different codes
were prepared.
Coded test chemicals were sent to the participating laboratories
in appropriate packaging, compliant with relevant regulatory
requirements. The participating laboratories were notiﬁed by FAR-
COS when the test chemicals were shipped, and were required to
acknowledge their receipt and make an inspection by completing
and returning the Test Chemical Receipt Report as indicated in
the Ocular Irritection SOP. Test chemicals were stored according
to the conditions indicated. Appropriate routine safety procedures
were used for handling the test chemicals. Laboratory personnel
were instructed to treat all coded test chemicals as very hazardous
and to dispose laboratory waste as toxic waste.
Table 2
Chemicals selected for the prospective validation study on the Ocular Irritection assay. The 56 chemicals represented: 31 non-classiﬁed, 13 Category 2 and 12 Category 1
chemicals according to the UN GHS/EU CLP classiﬁcation systems (UN, 2011; EC, 2008). The existing Draize in vivo data of all chemicals were reviewed in order to ensure the
quality of the ensuing classiﬁcation.
N. Substance name CAS n. In vivo GHS
classiﬁcation
In vivo EPA
classiﬁcation
In vivo
data
source
Physical
state
pHa OECD QSAR toolbox
functional groups
(v. 2.3)
Use/function
1 2-Benzyl-4-chlorophenol 120-32-1 Category 1 SCNM ICCVAM
(TSCA)b
Solid 5.9 Aryl halide, Benzyl,
Phenol
Anti-fungal, anti-
infective, herbicide
2 2-Methylresorcinol 608-25-3 Category 1 Category I ECVAM Solid 5.8 Benzyl, Phenol Oxidative hair dye
3 3,4-Dichlorophenyl isocyanate 102-36-3 Category 1 Category I ICCVAM
(TSCA)b
Solid 4.6 Arene, Aryl halide,
Isocyanate
Chemical
intermediate,
industrial chemical
4 4-(1,1,3,3-
Tetramethylbutyl)phenol
140-66-9 Category 1 SCNM ICCVAM
(TSCA)b
Solid 5.2 Alkane branched with
quaternary carbon,
Phenol
Chemical
intermediate/
surface active
agent
5 4-Tert-butylcatechol 98-29-3 Category 1 Category I ICCVAM
(TSCA)b
Solid 5.5 Phenol Chemical
intermediate,
laboratory
chemical
6 Coco alkyldimethyl betaine 68424-94-2 Category 1 Category I ECVAM Liquid 5.5 Carboxylic acid Cosmetics:
dermatological
surfactant
7 Naphthalene-2,7-diol 582-17-2 Category 1 Category I ECVAM Solid 6.2 Fused polyciclic
aromatic, Phenol
Oxidative hair dye
8 Promethazine hydrochloride 58-33-3 Category 1 SCNM ECETOC
(1998)
Solid 4.5 Aliphatic Amine, Arene,
Heterocyclic fragment,
Sulﬁde
Pharmaceutical
9 p-Tert-butylphenol 98-54-4 Category 1 Category I ICCVAM
(TSCA)b
Solid 7.7 Phenol Chemical
intermediate,
perfume, pesticide
10 Sodium oxalate 62-76-0 Category 1 SCNM ECETOC
(1998)
Solid 7.0 Carboxylic acid n.a.
11 Sulfuric acid, mono-C12-14-
alkyl esters
90583-18-9 Category 1 Category I ECVAM Liquid
(viscous)
7.0 Sulfate Cosmetics:
surfactant
(cleansing
preparations)
12 Tetraethylene glycol diacrylate 17831-71-9 Category 1 SCNM ICCVAM
(TSCA)b
Liquid 5.2 Allyl, Carboxylic acid,
Ether, Acrylate
Chemical
intermediate,
industrial chemical
13 2,4,11,13-
Tetraazatetradecanediamidine,
N,N00-bis(4-chlorophenyl)-3,12-
diimino-, di-D-gluconic acid
(20% aqueous)
18472-51-0 Category 2A Category II ECVAM Liquid 6.3 Alcohol, Aliphatic
Amine secondary,
Amidine, Arene, Aryl
halide, Carboxylic acid,
Imidine (substituted)
Cosmetics:
antimicrobial, oral
care, preservative
14 2-Amino-3-pyridinol 16867-03-1 Category 2A Category III ECVAM Solid 6.9 Alcohol, Anilines,
Heterocyclic fragment,
Pyridine (substituted)
Oxidative and
semi-permanent
hair dye
15 Ammonium nitrate* 6484-52-2 Category 2A Category III ECETOC
(1998)
Solid 4.8 n.a. Fertilizer, explosive
agent
16 Methyl acetate* 79-20-9 Category 2A Category II ECETOC
(1998)
Liquid 6.8 Acetoxy n.a.
17 Naphthalene-1,5-diol 83-56-7 Category 2A Category II ECVAM Solid 5.8 Fused polyciclic
aromatic, Phenol
Oxidative hair dye
18 n-Hexanol*,** 111-27-3 Category 2A Category II ECETOC
(1998)
Liquid 7.1 Alcohol Anesthetics
19 Propasol solvent P 1569-01-3 Category 2A Category II ICCVAM
(TSCA)b
Liquid
(viscous)
6.2 Alcohol, Ether Solvent
20 Sodium benzoate 532-32-1 Category 2A Category II ECVAM Solid 8.2 Arene, Carboxylic acid Preservative
21 Sodium lauryl glucose
carboxylate (and) lauryl
glucoside
383178-66-3
(110615-47-9)
Category 2A Category III ECVAM Liquid 5.7 n.a. Cosmetics:
dermatological
surfactant, foaming
agent
22 Camphene 79-92-5 Category 2B Category III ECVAM Solid 6.4 Cycloalkane,
Cycloalkene
Cosmetics:
masking
(fragrances,
ﬂavouring)
reagent/
intermediate:
organic syntheses
23 Isobutyraldehyde 78-84-2 Category 2B Category III ECVAM Liquid 4.2 Aldehyde n.a.
24 n,n-Diethyl-m-toluamide 134-62-3 Category 2B Category III ECVAM Liquid 7.6 Benzyl, Carboxamide Cosmetics/
pesticide skin
protecting (insect
repellent)
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Table 2 (continued)
N. Substance name CAS n. In vivo GHS
classiﬁcation
In vivo EPA
classiﬁcation
In vivo
data
source
Physical
state
pHa OECD QSAR toolbox
functional groups
(v. 2.3)
Use/function
25 Sodium chloroacetate 3926-62-3 Category 2B Category III ECVAM Solid 6.1 Alkyl halide, Carboxylic
acid
Reagent/
intermediate:
industrial
syntheses (various)
26 1,3-Di-iso-propylbenzene 99-62-7 No category Category IV ECETOC
(1998)
Liquid 6.1 n.a. n.a.
27 1,5-Dibromopentane 111-24-0 No category Category III ECETOC
(1998)
Liquid 5.7 Alkyl halide n.a.
28 1,5-Hexadiene 592-42-7 No category Category III ECETOC
(1998)
Liquid 6.6 Allyl Chemical
intermediate
29 1,9-Decadiene 1647-16-1 No category Category IV ECETOC
(1998)
Liquid 6.8 Allyl n.a.
30 1-(9H-Carbazol-4-yloxy)-3-[[2-
(2-
methoxyphenoxy)ethyl]amino]-
2-Propanol
72956-09-3 No category Category IV ECVAM Solid 7.3 Alcohol, Aliphatic
Amine secondary,
Arene, Biphenyl, Ether,
Heterocyclic fragment
Vasodilator/
chemical industry:
chemicals used in
synthesis:
intermediates
31 1-Bromo-4-chlorobutane* 6940-78-9 No category Category IV ECETOC
(1998)
Liquid 7.2 Alkyl halide n.a.
32 1-Methylpropyl benzene 135-98-8 No category Category IV ECETOC
(1998)
Liquid 6.2 n.a. n.a.
33 2,20-[[3-Methyl-4-[(4-
nitrophenyl)azo]phenyl]imino]
bisethanol
3179-89-3 No category Category IV ECVAM Solid 8.7 Alcohol, Arene, Azo,
Benzyl, Nitro
Semi-permanent
hair dye
34 2,2-Dimethyl-3-pentanol 3970-62-5 No category Category III ECETOC
(1998)
Liquid 5.3 Alcohol, Alkane
branched with
quaternary carbon
n.a.
35 2-(2-Ethoxyethoxy)ethanol 111-90-0 No category Category III ECVAM Liquid
(viscous)
5.6 Alcohol, Ether Solvent, viscosity
decreasing agent,
humectant
36 2,4-Pentanediol** 625-69-4 No category Category IV ECETOC
(1998)
Liquid
(viscous)
5.4 Alcohol Chemical
intermediate
37 2-Ethoxyethyl methacrylate 2370-63-0 No category Category IV ECETOC
(1998)
Liquid 6.2 Ether, Methacrylate Dental materials
38 2-Ethylhexylthioglycolate 7659-86-1 No category Category IV ECETOC
(1998)
Liquid 4.4 Alkane branched with
tertiary carbon,
Carboxylic acid ester,
Thiol
Chemical
intermediate,
cosmetic
ingredient
39 2-Propylheptyl caprylate 868839-23-0 No category Category III ECVAM Liquid 6.6 Alkane branched with
tertiary carbon,
Carboxylic acid ester
Cosmetics:
emollient
40 3,4-Dimethoxybenzaldehyde 120-14-9 No category Category III ECVAM Solid 4.4 Alcohol, Carboxamide,
Cycloalkane,
Cycloalkene, Phenol
Chemical
intermediate
41 3-Phenoxybenzyl alcohol 13826-35-2 No category Category III ECVAM Liquid 7.3 Alcohol, Carboxamide,
Cycloalkane,
Cycloalkene, Phenol
n.a.
42 Cetyl pyridinium bromide 0.1%*** 140-72-7 No category Category III ECETOC
(1998)
Liquid 7.1 Heterocyclic fragment,
Pyridine
n.a.
43 Cis-cyclooctene 931-87-3 No category Category III ECETOC
(1998)
Liquid 6.3 Alkyl, Cycloalkene n.a.
44 Dicaprylyl carbonate 1680-31-5 No category Category IV ECVAM Liquid 6.7 Carbonate Cosmetics:
emollient
45 Di-n-propyl disulphide 629-19-6 No category Category IV ECETOC
(1998)
Liquid 6.1 Disulﬁde Oils, volatile/major
ﬂavor component
of onions
46 Dioctyl ether 629-82-3 No category Category IV ECVAM Liquid 7.1 Ether Cosmetics:
emollient
47 HC blue n. 11 23920-15-2 No category Category III ECVAM Solid 4.7 Alcohol, Arene, Ether,
Nitro
Semi-permanent
hair dye
48 Myristyl myristate 3234-85-3 No category Category IV ECETOC
(1998)
Solid 6.3 Carboxylic acid ester Cosmetics:
emollient, opaciﬁer
(skin conditioning)
49 n-hexyl bromide 111-25-1 No category Category IV ECETOC
(1998)
Liquid 7.0 Alkyl halide n.a.
50 n,n-Dimethylguanidine sulfate 598-65-2 No category Category III ECETOC
(1998)
Solid 6.8 Alphatic Amine,
tertiary, Amidine
Laboratory
chemical
51 n-Octyl bromide 111-83-1 No category Category IV ECETOC
(1998)
Liquid 5.8 Alkyl halide n.a.
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Table 2 (continued)
N. Substance name CAS n. In vivo GHS
classiﬁcation
In vivo EPA
classiﬁcation
In vivo
data
source
Physical
state
pHa OECD QSAR toolbox
functional groups
(v. 2.3)
Use/function
52 Phenylephrine 59-42-7 No category Category III ECVAM Solid 5.5 Alcohol, Carboxamide,
Cycloalkane,
Cycloalkene, Phenol
n.a.
53 Polyglyceryl-3 diisostearate 63705-03-3 No category Category IV ECVAM Liquid 5.3 n.a. Cosmetics: water/
oil emulsiﬁer
54 Potassium tetraﬂuoroborate** 14075-53-7 No category Category IV ECETOC
(1998)
Solid 4.5 n.a. Industrial chemical,
pesticide
55 Sodium lauryl sulfate (3%)*** 151-21-3 No category Category III ECETOC
(1998)
Liquid 6.8 Sulfate Surfactant
56 Triclocarban 101-20-2 No category Category IV ECVAM Solid 6.2 Arene, Aryl halide, Urea
(substituted)
Preservative
n.a.: Not available; SCNM: Study Criteria Not Met to apply unequivocal classiﬁcation; TSCA: Toxic Substances Control Act (USA).
In italics are chemicals having existing retrospective in vitro data from the following sources:
* Chemical having existing retrospective in vitro data obtained within the testing set used to conﬁrm the Ocular Irritection prediction model (data generated in 2010).
** Chemical having additional retrospective in vitro data from previous studies carried out on 2009.
*** Chemical having additional retrospective in vitro data obtained within the testing set used to conﬁrm the surfactants application procedures.
a Based on the mean pH measurements obtained during the prospective validation study (n = 10–11 measured in four laboratories).
b Substances from the ICCVAM recommended reference substances list (ICCVAM, 2007).
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Out of the 83 chemicals retrieved having existing raw in vitro
data on the Ocular Irritection, only those having good quality
in vivo data and falling within the pre-deﬁned Ocular Irritection
applicability domain as deﬁned in its SOP were considered for
evaluation. In total, these represented 45 unique substances hav-
ing existing in vitro data generated with the same protocol as the
one used in the prospective validation study, out of which 37Table 3
Additional 37 unique chemicals collected from retrospective studies used to evaluate the
Classiﬁed, 14 Category 2 and 9 Category 1 chemicals according to the UN GHS/EU CLP cla
N. Substance name CAS n. In vivo GHS
classiﬁcation
In vivo EPA
classiﬁcation
In vivo data
source
In
da
so
57 Benzalkonium
chloride (10%)
63449-41-2 Category 1 Category I ECETOC
(1998)
3
58 Benzalkonium
chloride (5%)
63449-41-2 Category 1 Category I ECETOC
(1998)
3
59 Benzalkonium
chloride (1%)
63449-41-2 Category 1 Category I ECETOC
(1998)
3
60 Cetylpyridinium
bromide (10%)
140-72-7 Category 1 Category I ECETOC
(1998)
3
61 Cetylpyridinium
bromide (6%)
140-72-7 Category 1 SCNM ECETOC
(1998)
3
62 Chlorexidine 55-56-1 Category 1 SCNM ECETOC
(1998)
1
63 Lauric acid 143-07-7 Category 1 Category I ECETOC
(1998)
1,chemicals were in addition to the prospective validation dataset,
and 8 which had been tested also during the prospective valida-
tion study. Table 3 shows the identity and characteristics of the
37 additional chemicals found to fulﬁll to the extent possible
the selection criteria, whereas the 8 chemicals tested both retro-
spectively and in the prospective validation study are shown in
italics in Table 2. Overall, the 45 substances having existing
in vitro data represented 19 non-classiﬁed, 17 Category 2 and 9Ocular Irritection assay’s predictive capacity. These chemicals represented 14 Non-
ssiﬁcation systems (UN, 2011; EC, 2008).
vitro
ta
urce*
Physical
state
pH** OECD QSAR
toolbox functional
groups (v. 2.3)
Use/function
Liquid 7.0 Ammonium
quaternary (salt),
Benzyl
Bactericide and algicide
Liquid 6.5 Ammonium
quaternary (salt),
Benzyl
Bactericide and algicide
Liquid 5.8 Ammonium
quaternary (salt),
Benzyl
Bactericide and algicide
Liquid 4.3 Heterocyclic
fragment,
Pyridine
Germicide, deodorant, laboratory
reagent, surfactant
Liquid 4.4 Heterocyclic
fragment,
Pyridine
Germicide, deodorant, laboratory
reagent, surfactant
Solid n.a. Alphatic Amine
secondary,
Amidine, Arene,
Aryl halide,
Imidine
(substituted)
Analytical standard for
pharmaceuticals
2 Solid 4.5 Carboxylic acid Alkyled resins, wetting agents,
soaps, detergents, cosmetics,
insecticides, food additives
Table 3 (continued)
N. Substance name CAS n. In vivo GHS
classiﬁcation
In vivo EPA
classiﬁcation
In vivo data
source
In vitro
data
source*
Physical
state
pH** OECD QSAR
toolbox functional
groups (v. 2.3)
Use/function
64 Pyridine 110-86-1 Category 1 SCNM ECETOC
(1998)
1 Liquid n.a. Heterocyclic
fragment,
Pyridine
Industrial solvent and intermediate
in the production of vitamins, dyes,
medicines and other organic
compounds
65 Sodium lauryl
sulfate (15%)
151-21-3 Category 1 Category I ECETOC
(1998)
3 Liquid 6.2 Sulfate Surfactant
66 2-Ethyl-1-hexanol 104-76-7 Category 2A Category II ECETOC
(1998)
2 Liquid 4.5 Alcohol, Alkane
branched with
tertiary carbon
Used to produce antifungal.
Mercerizing textiles, as solvent for
dyes, resins, oils, also claimed to
possess antifoaming properties
67 Cetylpyridinium
bromide (1%)
140-72-7 Category 2A Category II ECETOC
(1998)
3 Liquid 4.7 Heterocyclic
fragment,
Pyridine
Germicide, deodorant, laboratory
reagent, surfactant
68 Cyclopentanol 96-41-3 Category 2A Category II ECETOC
(1998)
2 Liquid 5.1 Alcohol,
Cycloalkane
Perfume and pharmaceutical
solvent, intermediate for dyes,
pharmaceuticals, and other organics
69 Dibenzyl
phosphate
1623-08-1 Category 2A Category II ECETOC
(1998)
1 Solid n.a. Benzyl, Phosphate n.a.
70 Ethanol 64-17-5 Category 2A Category III ECETOC
(1998)
1,2 Liquid 5.0 Alcohol Solvent; chemical intermediate
71 Isobutanol 78-83-1 Category 2A Category II ECETOC
(1998)
1 Liquid n.a. Alcohol, Alkane
branched with
tertiary carbon
Process solvent in the ﬂavor,
fragrance, pesticide and
pharmaceutical industries. Natural
isobutyl alcohol is produced by the
fermentation of carbohydrates and
is found in many essential oils, foods
and beverages.
72 Isopropanol 67-63-0 Category 2A Category III ECETOC
(1998)
2 Liquid 5.2 Alcohol Used in cosmetics, skin and hair
preparations, pharmaceuticals,
perfumes, lacquer formulations, dye
solutions, antifreezes, soaps,
window cleaners.
73 Methyl
cyanoacetate
105-34-0 Category 2A Category II ECETOC
(1998)
1,2 Liquid 5.7 Carboxylic acid
ester, Nitrile
n.a.
74 n-Butanol 71-36-3 Category 2A Category II ECETOC
(1998)
2 Liquid 4.6 Alcohol Used in organic chemical synthesis,
plasticizers, detergents, etc.
75 n-Octanol 111-87-5 Category 2A Category II ECETOC
(1998)
2 Liquid 4.9 Alcohol n.a.
76 Sodium
deoxycholate
(10%)
302-95-4 Category 2A Category II Gautheron
et al.
(1994)
3 Liquid 7.9 Alcohol, Alkane
branched with
tertiary carbon,
Cycloalkane,
Carboxylic acid
Component in cell lysis buffers
77 Sodium lauroyl
sarcosinate (10%)
137-16-6 Category 2A Category III ICCVAM
(LNS)a
3 Liquid 7.6 Carboxamide,
Carboxylic acid
Dog and cat repellent
78 Sodium lauryl
sulfate (30%)
151-21-3 Category 2A Category I ECETOC
(1998)
3 Liquid 5.7 Sulfate Dog and cat repellent
79 2-Methyl-1-
pentanol
105-30-6 Category 2B Category III ECETOC
(1998)
2 Liquid 4.9 Alcohol, Alkane
branched with
tertiary carbon
Solvent extender and solution
viscosity reducer
80 1,6-
Dibromohexane
629-03-8 No category Category IV ECETOC
(1998)
2 Liquid 4.9 Alkyl halide n.a.
81 4,4-Methylene
bis-(2,6-ditert-
butyl)phenol
118-82-1 No category Category IV ECETOC
(1998)
2 Solid 6.9 Phenol Antioxidant
82 Butyl methoxy-
dibenzoylmethane
70356-09 No category Category IV In-house 1 Solid n.a. n.a. n.a.
83 Dodecane 112-40-3 No category Category III ECETOC
(1998)
1,2 Liquid 5.6 Methyl,
Methylene
n.a.
84 Ethyl acetate 141-78-6 No category Category III ECETOC
(1998)
1,2 Liquid 5.0 Acetoxy Pharmaceutic aid, artiﬁcial fruit
essences, solvent
85 Ethylene glycol
diethyl ether
629-14-1 No category Category IV ECETOC
(1998)
1 Liquid n.a. Ether Solvent for ester gum, shellac, some
resins and oils, in organic synthesis,
as a solvent and diluent for
detergents
86 Glycerol 56-81-5 No category Category IV ECETOC
(1998)
2 Liquid
(viscous)
6.5 Alcohol Used in polyacrylamide gel
electrophoresis, to aid in casting
gradient gels and as a protein
stabilizer and storage buffer
component.
87 Olive oil
unsaponiﬁable
156798-12-8 No category Category IV In-house 1 Liquid n.a. n.a. n.a.
88 Polyethylene
glycol 400
25322-68-3 No category Category IV ECETOC
(1998)
3 Liquid
(viscous)
4.5 Alcohol Water-sol lubricants for rubber
molds, textile ﬁbers & metal-
(continued on next page)
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Table 3 (continued)
N. Substance name CAS n. In vivo GHS
classiﬁcation
In vivo EPA
classiﬁcation
In vivo data
source
In vitro
data
source*
Physical
state
pH** OECD QSAR
toolbox functional
groups (v. 2.3)
Use/function
forming operations, in food & food
packaging, in hair preparation, in
cosmetics in general, in water
paints, paper coatings, polishes, in
ceramic indust, pharmaceutic aid
(ointment & suppository base), vet:
ointment base
89 Retinyl palmitate 79-81-2 No category Category IV In-house 1 Liquid
(viscous)
n.a. Allyl, Carboxylic
acid ester,
Conjugated
hydrocarbon,
Cycloalkene
Fortiﬁcation of oils and fats, and for
liquid pharmaceutical preparations
such as soft capsules.
90 Styrene 100-42-5 No category Category III ECETOC
(1998)
1 Liquid n.a. Alkene, Arene Used in manufacturing plastics;
synthetic rubber; paints; resins;
insulator.
91 Tocopheryl
acetate
7695-91-2 No category Category IV In-house 1 Liquid n.a. Alcohol, Alkane
branched with
tertiary carbon,
Cycloalkane,
Carboxylic acid
Vitamin, antioxidant. Nutritional
supplement. For fortiﬁcation of
margarine, oil and fat, nutrition
products and baby food, also used in
soft capsules
92 Toluene 108-88-3 No category Category III ECETOC
(1998)
2 Liquid 5.4 Benzyl Manufacture of benzoic acid,
benzaldehyde, explosives, dyes, and
many other organic compounds, as a
solvent for paints, lacquers, gums,
resins, in the extraction of various
principles from plants, as gasoline
additive
93 Tween 20 9005-64-5 No category Category III ECETOC
(1998)
3 Liquid 4.6 Acetal, Alcohol,
Allyl, Carboxylic
acid ester, Ether,
Ether(cyclic),
Heterocyclic
fragment
Adjuvant, soap/surfactant
LNS: Laboratoire National pour la Santé; n.a., not available; SCNM: Study Criteria Not Met to apply unequivocal classiﬁcation.
* In vitro data sources: 1. Previous studies carried out on 2009. 2. Testing set of chemical used to conﬁrm the Ocular Irritection prediction model (data generated in 2010). 3.
Testing set of surfactants used to conﬁrm its application procedures.
** Based on the mean pH measurements obtained from existing studies. Although some studies did not report individual pH values, they did report on the compatibility of
the test chemicals with the assay, which includes an assessment of the pH.
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systems.2.4. Collection of the prospective data
For the prospective validation study, the three laboratories
were instructed to send electronic PDF print-outs of the Ocular Irri-
tection software results obtained for each tested sample to the
study biostatistician only. The data required for quality control
and further analyses were extracted from these print-outs, the
maximum Irritection Score was the primary read-out used to
assess the assay’s reproducibility and predictive capacity. In addi-
tion, the pH measurements for each sample carried out in the three
laboratories were collected.2.5. Quality Assurance and Good Laboratory Practices
All participating laboratories worked in accordance with OECD
GLP principles, such as, but not limited to, use of SOPs, adequate
data recording and record keeping. Furthermore, the Ocular Irritec-
tion kit production by InVitro International was audited by an
independent external expert on regulatory and quality compliance
according to ISO 9001, ISO 13485, and GLP principles focusing on
the procedures established to guarantee a deﬁned quality of the
kits. The auditors conﬁrmed that the assembly of Ocular
Irritection test kits followed GLP principles and that according
to QA records, the key components of the test kits were suppliedby InVitro International approved vendors which have met the
company’s quality process requirements.
2.6. Data analyses
2.6.1. Within-laboratory variability
The within-laboratory reproducibility was evaluated for each
individual laboratory. Besides the numerical maximum Irritection
Score, which ranges from 0 to 51 being truncated at the upper bor-
der of 51, the software results also indicates if a sample is not qual-
iﬁed (NQ). Furthermore, various software outputs on the
qualiﬁcation of an experiment may lead to the exclusion of a test.
The rules for assessing such cases are deﬁned in the Ocular Irritec-
tion SOP. For the assessment of the non-truncated maximum Irri-
tection Scores, the standard deviation of the three samples per
chemical was considered as an appropriate measurement of
within-laboratory reproducibility. In addition, the concordance of
predictions of the three samples was calculated. Chemicals result-
ing consistently for all three samples in NQ or exclusion were also
considered as concordant.
2.6.2. Between-laboratory variability
The between-laboratory reproducibility was evaluated in a sim-
ilar way as the within-laboratory reproducibility. When maximum
Irritection Scores were available for experiments of all three labo-
ratories, the standard deviation of the laboratory means was
calculated. Additionally, majority predictions per laboratory were
determined in order to evaluate the concordance of the majority
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Fig. 3. Range and distribution of organic functional group proﬁle of the 51 qualiﬁed chemicals used in the prospective validation study as attributed by the OECD QSAR
toolbox (version 2.3). Classiﬁcation is based on the UN GHS/EU CLP classiﬁcation systems.
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Fig. 4. Range and distribution of organic functional group proﬁle of the 88 chemicals compiled from the prospective and retrospective datasets as attributed by the OECD
QSAR toolbox (version 2.3). Classiﬁcation is based on the UN GHS/EU CLP classiﬁcation systems.
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tently for all three laboratories in NQ or exclusion were also con-
sidered as concordant.
2.6.3. Predictive capacity
The predictive capacity of the Ocular Irritection assay was
assessed based on the majority of predictions available per sub-
stance. The concordance of these predictions with the expected
result as deﬁned by the in vivo-based classiﬁcations (dichoto-
mized into UN GHS/EU CLP classiﬁed versus non-classiﬁed chem-
icals, or UN GHS/EU CLP Category 1 versus non-Category 1chemicals) were assessed by means of 2  2 contingency tables.
From these tables the speciﬁcity, sensitivity, concordance, and
balanced concordance, i.e. the mean of speciﬁcity and sensitivity),
negative and positive predictive values (NPV, PPV) were calcu-
lated. For speciﬁcity and sensitivity one-sided 95%-conﬁdence
intervals have been calculated using the mid-p approach
(Agresti and Gottard, 2005) with the R package ‘PropCIs’. Finally,
a Receiver Operation Characteristics (ROC) curve was produced to
assess the appropriateness of the cut-off of 12.5 and to more fully
characterize the predictive capacity of the Ocular Irritection
assay for a bottom-up approach.
Table 4
Outcome of the prospective validation study for all experiments and three participating laboratories.
N. Chemical name CAS In vivo UN
GHS
classiﬁcation
IVI IIVS RP In vitro
majority
UN
GHS
prediction
Exp.
1
Exp.
2
Exp.
3
Exp.
1
Exp.
2
Exp.
3
Exp.
1
Exp.
2
Exp.
3
1 2-Benzyl-4-chlorophenol 120-32-1 Cat. 1 27.0 26.7 24.8 28.4 27.2 33.0 31.7 33.0 32.6 Cat. 2
2 2-Methylresorcinol 608-25-3 Cat. 1 >51 >51 >51 >51 >51 >51 >51 >51 >51 Cat. 1
3 3,4-Dichlorophenyl isocyanate 102-36-3 Cat. 1 excl. excl. excl. excl. excl. excl. excl. excl. excl. n.a.
4 4-(1,1,3,3-Tetramethylbutyl)phenol 140-66-9 Cat. 1 17.0 19.0 16.0 20.3 18.2 10.0 13.6 15.5 11.9 Cat. 2
5 4-Tert-butylcatechol 98-29-3 Cat. 1 >51 >51 >51 >51 >51 >51 >51 >51 >51 Cat. 1
6 Coco alkyldimethyl betaine 68424-94-2 Cat. 1 27.0 28.4 27.6 25.8 25.6 19.0 26.3 29.8 26.9 Cat. 2
7 Naphthalene-2,7-diol 582-17-2 Cat. 1 >51 >51 >51 >51 >51 >51 39.1 37.6 16.3 Cat. 1
8 Promethazine hydrochloride 58-33-3 Cat. 1 >51 >51 >51 >51 >51 >51 >51 >51 >51 Cat. 1
9 p-Tert-butylphenol 98-54-4 Cat. 1 26.7 28.4 26.8 30.1 30.5 23.6 26.5 29.3 26.8 Cat. 2
10 Sodium oxalate 62-76-0 Cat. 1 14.8 19.0 16.0 17.8 19.2 14.4 12.5 12.9 11.5 Cat. 2
11 Sulfuric acid, mono-C12-14-alkyl esters 90583-18-9 Cat. 1 21.0 16.3 17.5 21.3 17.8 13.0 29.7 28.3 30.1 Cat. 2
12 Tetraethylene glycol diacrylate 17831-71-9 Cat. 1 1.3 0.8 6.8 5.0 5.5 1.3 8.0 5.5 8.4 no cat.
13 2,4,11,13-Tetraazatetradecanedi-amidine, N,N00-
bis(4-chlorophenyl)-3,12-diimino-, di-D-
gluconic acid (20% aqueous)
18472-51-0 Cat. 2A 23.8 22.3 21.5 27.2 31.3 31.8 50.8 >51 >51 Cat. 1
14 2-Amino-3-pyridinol 16867-03-1 Cat. 2A excl. excl. excl. excl. excl. excl. excl. excl. excl. n.a.
15 Ammonium nitrate 6484-52-2 Cat. 2A 16.0 22.4 22.6 14.1 17.5 17.2 23.2 23.5 27.3 Cat. 2
16 Methyl acetate 79-20-9 Cat. 2A 16.7 15.0 17.2 21.1 17.0 18.8 21.1 18.0 19.0 Cat. 2
17 Naphthalene-1,5-diol 83-56-7 Cat. 2A 10.5 10.9 11.5 14.0 10.0 11.3 12.5 12.3 12.6 no cat.
18 n-Hexanol 111-27-3 Cat. 2A 26.7 31.3 31.1 30.5 28.3 27.9 32.6 32.9 34.0 Cat. 1
19 Propasol solvent P 1569-01-3 Cat. 2A 31.9 32.1 34.0 30.4 30.1 31.1 33.0 37.4 33.9 Cat. 1
20 Sodium benzoate 532-32-1 Cat. 2A 17.8 20.0 14.9 18.0 16.5 13.1 16.0 14.8 7.4 Cat. 2
21 Sodium lauryl glucose carboxylate (and) lauryl
glucoside
383178-66-3
(110615-47-9)
Cat. 2A >51 >51 >51 >51 >51 >51 >51 >51 49.5 Cat. 1
22 Camphene 79-92-5 Cat. 2B 15.5 12.3 12.9 17.0 12.8 14.1 8.0 9.6 8.0 Cat. 2
23 Isobutyraldehyde 78-84-2 Cat. 2B NQ NQ NQ NQ NQ NQ 30.5 33.0 30.3 n.a.
24 n,n-Diethyl-m-toluamide 134-62-3 Cat. 2B 36.6 35.9 38.6 39.0 51.0 38.0 11.0 37.0 37.9 Cat. 1
25 Sodium chloroacetate 3926-62-3 Cat. 2B 25.5 26.4 30.4 19.5 29.6 28.0 31.7 31.1 29.7 Cat. 2
26 1,3 Di-iso-propylbenzene 99-62-7 no cat. 29.8 31.6 33.5 30.4 26.9 27.8 30.3 26.5 24.1 Cat. 2
27 1,5-Dibromopentane 111-24-0 no cat. 8.0 8.0 9.6 10.3 6.7 7.5 10.0 8.0 9.1 no cat.
28 1,5-Hexadiene 592-42-7 no cat. 10.4 7.2 10.1 14.0 13.5 11.3 11.8 11.6 11.5 no cat.
29 1,9-Decadiene 1647-16-1 no cat. 8.1 8.0 11.4 10.5 12.3 13.9 12.8 12.9 13.1 no cat.
30 1-(9H-Carbazol-4-yloxy)-3-[[2-(2-
methoxyphenoxy)ethyl]amino]-2-propanol
72956-09-3 no cat. 18.5 19.0 19.0 17.0 20.2 20.0 22.2 22.3 20.6 Cat. 2
31 1-Bromo-4-chlorobutane 6940-78-9 no cat. 12.9 10.9 11.4 11.7 12.4 15.4 12.8 10.1 9.1 Cat. 2
32 1-Methylpropyl benzene 135-98-8 no cat. 13.8 11.1 10.4 12.4 11.3 10.0 8.9 7.6 12.5 no cat.
33 2,20-[[3-Methyl-4-[(4-
nitrophenyl)azo]phenyl]imino]bisethanol
3179-89-3 no cat. excl. excl. excl. excl. excl. excl. excl. excl. excl. n.a.
34 2,2-Dimethyl-3-pentanol 3970-62-5 no cat. 27.7 29.6 25.1 28.0 29.2 27.2 33.0 26.5 26.5 Cat. 2
35 2-(2-Ethoxyethoxy)ethanol 111-90-0 no cat. 14.5 18.5 17.0 16.0 14.9 16.0 17.0 15.9 16.0 Cat. 2
36 2,4-Pentanediol 625-69-4 no cat. 13.3 9.0 11.4 10.4 14.3 13.2 12.5 12.8 13.7 Cat. 2
37 2-Ethoxyethyl methacrylate 2370-63-0 no cat. >51 >51 43.9 excl. excl. excl. 47.3 >51 excl. Cat. 1
38 2-Ethylhexylthioglycolate 7659-86-1 no cat. 14.1 4.3 9.9 5.2 7.5 5.0 10.0 9.0 9.0 no cat.
39 2-Propylheptyl caprylate 868839-23-0 no cat. 5.5 6.7 6.7 6.1 6.0 4.7 5.5 3.5 4.8 no cat.
40 3,4-Dimethoxybenzaldehyde 120-14-9 no cat. 37.6 12.7 14.7 15.4 13.9 7.3 12.7 12.6 5.8 Cat. 2
41 3-Phenoxybenzyl alcohol 13826-35-2 no cat. 29.1 27.9 29.6 49.0 24.9 22.4 21.4 26.4 25.8 Cat. 2
42 Cetyl pyridinium bromide 0.1% 140-72-7 no cat. 4.3 4.0 5.7 12.5 7.1 7.9 6.1 7.2 6.4 no cat.
43 Cis-cyclooctene 931-87-3 no cat. 18.7 16.3 19.7 15.6 17.0 20.6 27.5 27.3 30.1 Cat. 2
44 Dicaprylyl carbonate 1680-31-5 no cat. 10.6 10.0 8.9 8.0 7.0 7.7 12.0 14.0 14.0 no cat.
45 Di-n-propyl disulphide 629-19-6 no cat. 11.0 9.4 10.7 5.0 7.0 7.0 8.6 4.3 4.0 no cat.
46 Dioctyl ether 629-82-3 no cat. 11.4 11.7 8.1 11.0 10.0 8.9 7.8 7.8 9.9 no cat.
47 HC blue n. 11 23920-15-2 no cat. excl. excl. excl. excl. excl. excl. excl. excl. excl. n.a.
48 Myristyl myristate 3234-85-3 no cat. 6.5 4.2 5.0 5.8 5.2 6.4 3.2 2.8 2.7 no cat.
49 n-Hexyl bromide 111-25-1 no cat. 10.8 12.2 9.4 7.7 10.1 9.0 12.3 22.1 37.1 no cat.
50 n,n-Dimethylguanidine sulfate 598-65-2 no cat. 14.0 13.9 16.0 12.6 16.0 13.2 19.0 19.7 19.8 Cat. 2
51 n-Octyl bromide 111-83-1 no cat. 9.0 7.9 7.3 7.3 17.0 7.6 7.2 6.6 5.5 no cat.
52 Phenylephrine 59-42-7 no cat. 27.0 29.2 31.1 26.6 31.6 31.1 31.8 32.0 31.1 Cat. 1
53 Polyglyceryl-3 diisostearate 63705-03-3 no cat. 10.0 5.7 12.1 7.4 9.4 8.4 9.0 8.0 5.5 no cat.
54 Potassium tetraﬂuoroborate 14075-53-7 no cat. 11.0 7.4 10.5 6.8 7.5 9.9 8.4 8.4 9.5 no cat.
55 Sodium lauryl sulfate (3%) 151-21-3 no cat. 6.0 10.1 15.0 17.0 16.3 18.3 12.8 15.9 13.9 Cat. 2
56 Triclocarban 101-20-2 no cat. 9.0 9.4 7.9 9.5 8.6 12.3 6.3 6.8 9.0 no cat.
Cat.: category; exp.: experiment; n.a.: not applicable. IVI: InVitro International, IIVS: Institute for In Vitro Sciences; RP: ResPharma Industriale.
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3.1. Distribution of tested chemicals
3.1.1. Prospective validation study
A total of 56 test chemicalswere testeddistributedas 31UNGHS/
EU CLP Non-Classiﬁed chemicals and 25 UN GHS/EU CLP classiﬁed
chemicals representing 12 Category 1 and 13 Category 2 (9 Category
2A and 4 Category 2B). A good representation of liquids and solids
was achieved with 32 liquids and 24 solids, and a range of organic
functional groups and use functions were included (see Table 2).
Despite an extensive search and the collaborationwith ECVAM, only
a limited amount of UN GHS/EU CLP Category 2B chemicals falling
within the Ocular Irritection applicability domain were retrieved.
However, this Category (2B) represents only an optional UN GHS
Category, not implemented in the European Union (EU CLP; EC,
2008). Furthermore, the selected chemicals covered the various US
EPA categories of classiﬁcation including 18 EPA Category IV, 20
EPA Category III, 6 EPA Category II, 7 EPA Category I and 5 to which
no unequivocal EPA Category could be assigned.
Out of the 56 tested chemicals, ﬁve chemicals did not qualify for
analyses being either excluded (4 chemicals) or not-qualiﬁed (1
chemical) by the Ocular Irritection software in the majority (2
or 3 out of 3) of the participating laboratories. These represented
1 Category 1 (chemical 3, 3,4-Dichlorophenyl isocyanate, CAS n.
102-36-3), 2 Category 2 (chemical 14, 2-Amino-3-pyridinol, CAS
n. 16867-03-1, and chemical 23, Isobutyraldehyde, CAS n. 78-84-
2) and 2 non-classiﬁed chemicals (chemical 33, 2,20-[[3-methyl-
4-[(4-nitrophenyl)azo]phenyl]imino]bisethanol, CAS n. 3179-89-
3, and chemical 47, HC-blue n. 11, CAS n. 23920-15-2). A total of
51 qualiﬁed substances (20 solids and 31 liquids out of which 4
were viscous) divided into 29 UN GHS non-classiﬁed and 22 UN
GHS/EU CLP classiﬁed, i.e., 11 Category 1 and 11 Category 2, were
ﬁnally considered in the analyses of the predictive capacity of the
prospective validation study.
In order to further characterize the 51 tested chemicals, the
organic functional group(s) of these chemicals were deﬁned using
the OECD QSAR toolbox (version 2.3). The range and distribution of
organic functional groups are shown in Fig. 3 based on their UN
GHS/EU CLP classiﬁcation (no classiﬁcation, Category 2 and Cate-
gory 1).Fig. 5. Within-laboratory standard deviation obtained for the set of 56 chemicals tested
Vitro Sciences; RP: ResPharma Industriale.3.1.2. Retrospective data collection
As described in Section 2.3.2, in addition to the chemicals tested
in the prospective validation study, 45 chemicals (37 unique addi-
tional chemicals to the prospective validation dataset and 8 chem-
icals tested also in the prospective dataset) were found to have
existing in vitro data generated with the same protocol as the
one used in the prospective validation study and to fulﬁll to the
extent possible the chemicals selection criteria.
Together with the qualiﬁed 51 chemicals from the prospective
validation study, it represents a total dataset of 88 unique chemi-
cals for which parallel in vivo and in vitro data were available to
assess the overall predictive capacity of the Ocular Irritection
assay. The chemicals were distributed as 43 in vivo UN GHS/EU
CLP non-classiﬁed and 45 in vivo UN GHS/EU CLP classiﬁed chem-
icals including 20 Category 1 and 25 Category 2 chemicals. The
compiled dataset of 88 chemicals included a majority of liquids
as compared to solids (25 solid, 56 liquid and 7 viscous materials).
Furthermore, the distribution according to the US EPA classiﬁca-
tion categories included 26 EPA Category IV, 26 EPA Category III,
15 EPA Category II, 13 EPA Category I and 8 to which no unequiv-
ocal EPA Category could assigned.
The organic functional groups of the compiled dataset of 88
chemicals were also characterized using the OECD QSAR toolbox
(version 2.3). The range and distribution of organic functional
groups covered by these 88 chemicals are shown in Tables 2 and
3 as well as in Fig. 4 based on their UN GHS/EU CLP classiﬁcation
(no classiﬁcation, Category 2 and Category 1). The enlarged dataset
covered a broad spectrum of functional groups, and there was an
overlap on the functional groups between classiﬁed and non-clas-
siﬁed materials. In general those organic functional groups having
more than one chemical included both classiﬁed and non-classiﬁed
chemicals.3.2. Within-laboratory variability
The within-laboratory reproducibility was assessed in two ways
based on the results presented in Table 4. First, the analyses
focused on the chemicals with non-truncated maximum Irritection
Scores for which, the SD were calculated (Fig. 5). While there were
only a few chemicals that had high SD values, the vast majority of
SD were found to be below a value of 5. Considering conservativelyin the prospective validation study. IVI: InVitro International, IIVS: Institute for In
Table 5
Within- and between-laboratory concordant prediction between three independent and blind experiments and laboratories respectively. IVI: InVitro International, IIVS: Institute
for In Vitro Sciences; RP: ResPharma Industriale.
Within-laboratory Between-laboratory
Cut-off 12.5 Cut-off 30.0 Cut-off 12.5 Cut-off 30.0
IVI IIVS RP IVI IIVS RP
Concordant predictions 45 42 40 46 43 43 42 43
Discordant predictions 6 8 11 5 7 8 10 9
Concordant excluded 4 5 4 4 5 4 4 4
Concordant NQ 1 1 0 1 1 0 0 0
Overall concordant 50 48 44 51 49 46 46 47
% Concordance 89.3 85.7 78.6 91.1 87.5 83.9 82.1 83.9
Table 6
Ocular Irritection inter-laboratory transferability testing among InVitro International (IVI), Institute for In Vitro Sciences (IIVS) and ResPharma Industriale (RP). Test samples
were assayed three separate times with three different Irritection Ocular kits in each laboratory.
Chemical CAS n. Physical
state
Chemical
classes
In vivo UN
GHS/EU
CLP Cat.
IVI RP IIVS Overall
Mean SD Predicted
class
Mean SD Predicted
class
Mean SD Predicted
class
Mean SD Predicted
class
Ammonium nitrate 484-52-2 Solid Inorganic Cat. 2A 21.4 0.40 Cat. 2 14.2 1.50 Cat. 2 17.5 0.47 Cat. 2 17.7 3.6 Cat. 2
Cetyl pyridinium
bromide 0.1%
140-72-7 Liquid Soap/
surfactant
NC 5.0 1.19 NC 2.3 1.08 NC 5.6 0.50 NC 4.3 1.8 NC
iso-Propanol 67-63-0 Liquid Alcohol Cat. 2A 22.6 0.60 Cat. 2 19.1 1.66 Cat. 2 23.6 1.04 Cat. 2 21.7 2.4 Cat. 2
Propylene glycol 57-55-6 Liquid Alcohol NC 9.1 1.30 NC 6.6 0.51 NC 11.3 1.48 NC 9.0 2.4 NC
Cat: Category; NC: UN GHS/EU CLP No Category.
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dynamic response range of the Ocular Irritection assay that spans
from 0 to 51, as an indicator for acceptable within-laboratory
reproducibility resulted in 93.3% (IVI), 84.4% (IIVS) and 91.3%
(RP) within-laboratory reproducible chemicals for each of the three
laboratories.
In addition, the within-laboratory was evaluated in terms of
100% concordance of the predictions of the three independent
experiments carried out per chemical. Considering also chemicals
that were concordantly excluded or concordantly classiﬁed as
‘NQ’, the respective results are summarized in Table 5. While the
concordance based on predictions were similar to the concordance
based on SD for IVI (89.3%) and IIVS (85.7%), these numbers dif-
fered for RP which showed a lower concordance (78.6%). As can
be seen from Fig. 5 and Table 4, the reason for this is that for this
laboratory more chemicals gave responses close to the classiﬁca-
tion threshold. For example, the SD of chemicals no. 4, 17 and 44
were found to be low at RP, but their predictions of the individual
experiments are discordant. The respective concordances for the
threshold of 30.0 were slightly better representing 91.1% for IVI,
87.5% for IIVS and 83.9% for RP (see Table 5).
In summary, the within-laboratory reproducibility of the Ocular
Irritection assay is considered to be high indicating a satisfactory
level of transferability and robustness of the assay.
3.3. Transferability
The former Eytex assay was included in 4 international multi-
laboratory evaluation studies in which 2–7 laboratories made use
of the test method (Balls et al., 1995; Gettings et al., 1994, 1996;
Courtellemont et al., 1999; Matsukawa et al., 1999). Despite of this,
the transferability of the updated Ocular Irritection protocol was
re-evaluated in the present study for conﬁrmatory purposes. Prior
to training, all protocol procedures were revised by IVI and the
SOP agreed to by the VMG. Trainingwas then provided by IVI to IIVS
and ResPharma before initiating the practical testing phase of theprospective validation study. InVitro International has well estab-
lished training procedures, which last 2 days and encompass an
introduction, the conduct of the Ocular Irritection assay by both
the lead and trained laboratory, explanation of the Ocular Irritec-
tion software, the evaluation, review and discussions of results
and troubleshooting.
Following training, four substances with different physical
properties (2 liquids, 1 solid and 1 surfactant) were tested to
evaluate the transferability of the protocol to each participating
laboratory (see Table 6). Test samples were tested three separate
times with three different Irritection Ocular kits, by the opera-
tor(s) who further conducted the test during the testing phase
of the prospective study. Results were reported to the lead labo-
ratory, and pre-deﬁned certiﬁcation criteria were established as
follows:
– All assays should ‘‘Qualify’’ as deﬁned by the Irritection soft-
ware. This algorithm conﬁrms that results obtained with the
test method standards fall within pre-speciﬁed ranges, and that
the internal quality controls also fall within the pre-speciﬁed
ranges.
– The Irritection Score and predicted classiﬁcation are compatible
to the reference category, and
– Variability does not result in a shift from one classiﬁcation cat-
egory to another.
As shown in Table 6, the inter-laboratory concordance of classi-
ﬁcations was good, suggesting good transferability. In addition, the
within-laboratory variability was low (SD 6 1.7) and the variability
between laboratories within an acceptable range (SD 6 3.6). The-
Ocular Irritection training and transferability report was
approved by the VMG, and the assay as well as the testing labora-
tories and operator(s) were considered prepared to initiate the
testing phase of the prospective validation study. During this test-
ing phase, no additional reporting or discussion of data occurred
between the participating laboratories and the lead laboratory.
Table 7
Additional existing in vitro data considered for the evaluation of the Ocular Irritection predictive capacity (in addition to the prospective data shown in Table 5).
N. Substance name CAS In vivo UN GHS
classiﬁcation
Maximum Irritection Scores (of additional experiments) In vitro
majority
UN GHS
prediction
Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5 Exp. 6 Exp. 7 Exp. 8 Exp. 9
Chemicals from the prospective validation study having existing and/or additional in vitro data
15 Ammonium nitrate 6484-52-2 Cat. 2A 19.0 20.5 19.4 – – – – – – Cat. 2*
16 Methyl acetate 79-20-9 Cat. 2A 17.0 18.8 20.5 – – – – – – Cat. 2*
18 n-Hexanol 111-27-3 Cat. 2A 30.6 29.5 29.4 34.4 30.7 – – – – Cat. 1*
31 1-Bromo-4-chlorobutane 6940-78-9 no cat. 12.8 15.1 14.2 – – – – – – Cat. 2*,**
36 2,4-Pentanediol 625-69-4 no cat. 13.7 9.7 – – – – – – – Cat. 2*
39 2-Propylheptyl caprylate 868839-23-0 no cat. 10.1 8.0 9.2 10.7 8.3 12.4 11.9 9.9 10.1 no cat.*,***
42 Cetyl pyridinium bromide 0.1% 140-72-7 no cat. 6.4 – – – – – – – – no cat.*
54 Potassium tetraﬂuoroborate 14075-53-7 no cat. 19.2 10.3 – – – – – – – no cat.*
55 Sodium Lauryl Sulfate (3%) 151-21-3 no cat. 9.5 10.2 – – – – – – – Cat. 2*
Additional chemicals having existing data
57 Benzalkonium chloride (10%) 63449-41-2 Cat. 1 >51.0 – – – – – – – – Cat. 1
58 Benzalkonium chloride (5%) 63449-41-2 Cat. 1 49.5 – – – – – – – – Cat. 1
59 Benzalkonium chloride (1%) 63449-41-2 Cat. 1 20.1 – – – – – – – – Cat. 2
60 Cetylpyridinium bromide (10%) 140-72-7 Cat. 1 50.9 – – – – – – – – Cat. 1
61 Cetylpyridinium bromide (6%) 140-72-7 Cat. 1 >51.0 – – – – – – – – Cat. 1
62 Chlorexidine 55-56-1 Cat. 1 48.9 33.3 – – – – – – – Cat. 1
63 Lauric acid 143-07-7 Cat. 1 8.2 13.5 11.5 16.4 13.7 – – – – Cat. 2
64 Pyridine 110-86-1 Cat. 1 49.6 >51 – – – – – – – Cat. 1
65 Sodium lauryl sulfate (15%) 151-21-3 Cat. 1 14.2 15.7 – – – – – – – Cat. 2
66 2-Ethyl-1-hexanol 104-76-7 Cat. 2A 19.6 17.5 21.3 – – – – – – Cat. 2
67 Cetylpyridinium bromide (1%) 140-72-7 Cat. 2A 15 – – – – – – – – Cat. 2
68 Cyclopentanol 96-41-3 Cat. 2A 43.3 44.2 41.4 – – – – – – Cat. 1
69 Dibenzyl phosphate 1623-08-1 Cat. 2A 47.7 29.2 – – – – – – – Cat. 1**
70 Ethanol 64-17-5 Cat. 2A 17.3 17.3 17.4 24.2 14.1 – – – – Cat. 2
71 Isobutanol 78-83-1 Cat. 2A 39.1 – – – – – – – – Cat. 1
72 Isopropanol 67-63-0 Cat. 2A 18.0 19.5 19.6 – – – – – – Cat. 2
73 Methyl cyanoacetate 105-34-0 Cat. 2A 38.1 42.2 40.7 44.8 40.8 – – – – Cat. 1
74 n-Butanol 71-36-3 Cat. 2A 34.9 41.4 39.2 – – – – – – Cat. 1
75 n-Octanol 111-87-5 Cat. 2A 14.7 17.6 16.1 – – – – – – Cat. 2
76 Sodium deoxycholate (10%) 302-95-4 Cat. 2A 21.4 – – – – – – – – Cat. 2
77 Sodium lauroyl sarcosinate (10%) 137-16-6 Cat. 2A 5.1 – – – – – – – – no cat.
78 Sodium lauryl sulfate (30%) 151-21-3 Cat. 2A 19.3 17.3 – – – – – – – Cat. 2
79 2-Methyl-1-pentanol 105-30-6 Cat. 2B 24.8 24.2 26.0 – – – – – – Cat. 2
80 1,6-Dibromohexane 629-03-8 no cat. 9.0 10.4 11.2 – – – – – – no cat.
81 4,4-Methylene bis-(2,6-ditert-butyl)phenol 118-82-1 no cat. 9.1 12.3 11.8 – – – – – – no cat.
82 Butyl methoxydibenzoylmethane 70356-09 no cat. 13.9 13.2 – – – – – – – Cat. 2
83 Dodecane 112-40-3 no cat. 13.6 13.8 13.2 12.9 4.4 – – – – Cat. 2
84 Ethyl acetate 141-78-6 no cat. 16.0 19.1 17.7 9.9 8.7 – – – – Cat. 2
85 Ethylene glycol diethyl ether 629-14-1 no cat. 31.1 29.3 – – – – – – – Cat. 1**
86 Glycerol 56-81-5 no cat. 10.0 10.5 10.4 – – – – – – no cat.
87 Olive oil unsaponiﬁable 156798-12-8 no cat. 11.8 1.5 – – – – – – – no cat.
88 Polyethylene glycol 400 25322-68-3 no cat. 6.7 – – – – – – – – no cat.
89 Retinyl palmitate 79-81-2 no cat. 11.4 8 – – – – – – – no cat.
90 Styrene 100-42-5 no cat. 5.9 – – – – – – – – no cat.
91 Tocopheryl acetate 7695-91-2 no cat. 12.0 5.7 – – – – – – – no cat.
92 Toluene 108-88-3 no cat. 14.7 16.5 14.8 – – – – – – Cat. 2
93 Tween 20 9005-64-5 no cat. 9.8 – – – – – – – – no cat.
Cat.: category; exp.: experiment; n.a.: not applicable.
* Considers also experiments from the prospective validation study (cf. Table 5).
** Equal amount of experiments’ having Irritection Score above and below the respective cut-off, overall result conservatively determined as positive.
*** Repeat chemical of validation study.
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The between laboratory reproducibility was evaluated similarly
to the within-laboratory variability. The mean of maximum Irritec-
tion Scores for each chemical was calculated per laboratory. The SD
of the three means obtained for each tested chemical was consid-
ered as an indicator of between-laboratory reproducibility, using
again the threshold of 4. Of the 45 chemicals which qualiﬁed for
this analysis, 38, i.e. 84.4%, had an SD lower than 4. Secondly, the
between-laboratory reproducibility was evaluated for both cut-offs
(12.5 and 30.0) in terms of concordant prediction between the lab-
oratories based on the majority laboratory classiﬁcation. Concor-
dantly excluded chemicals and chemicals concordantly classiﬁedas ‘NQ’ were also considered. Of the 56 chemicals tested, 42 (cut-
off 12.5) and 43 (cut-off 30.0) were concordantly classiﬁed in all
laboratories, and an additional four chemicals were concordantly
excluded in all laboratories resulting in a between-laboratory
reproducibility of 46/56 = 82.1% and 47/56 = 83.9%, respectively
(see Table 5). Among the 10 discordant chemicals was one (chem-
ical 23, Isobutyraldehyde, CAS n. 78-84-2) which was considered
NQ in two laboratories, but not in the third, and one (chemical
37, 2-Ethoxyethyl methacrylate, CAS n. 2370-63-0) that was classi-
ﬁed in two laboratories as an UN GHS/EU CLP Category 1 and
excluded by the Ocular Irritection software in the third labora-
tory. Of the remaining eight chemicals, only one had an SD greater
than 4.
Table 8
Predictive capacity of the Ocular Irritection assay based on majority of classiﬁcations per test chemical.
Cut-off 12.5 Cut-off 30.0
Prospective and retrospective dataset Reduced applicability domain⁄ Prospective and retrospective dataset
Correct positives 42 40 10
False negatives 3 1 10
Correct negatives 25 24 55
False positives 18 14 13
Sample size 88 79 88
Concordance 76.14% 81.01% 73.86%
Sensitivity 93.33% 97.56% 50.00%
Speciﬁcity 58.14% 63.16% 80.89%
Balanced concordance 75.74% 80.36% 65.44%
PPV 89.29% 74.07% 43.48%
NPV 70.00% 96.00% 84.62%
Mid-p 95% one-sided lower conﬁdence interval
Sensitivity 84.86% 90.41% 32.01%
Speciﬁcity 45.51% 49.71% 72.11%
Concordance 68.06% 72.91% 65.61%
* Excluding acrylate, carboxamide and cycloalkenes functional groups.
Fig. 6. Receiver Operation Characteristics (ROC) curve on the predictive capacity of
the assay to distinguish UN GHS non-classiﬁed from classiﬁed chemicals, over the
entire range of threshold. Based on the median maximum irritection score of
experiments for the entire dataset of 88 chemicals (grey circle indicates the
predictivity for the cut-off of 12.5).
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3.5.1. Identiﬁcation of UN GHS/EU CLP non-classiﬁed chemicals
The predictive capacity of the Ocular Irritection was analyzed
using the previously existing cut-off of 12.5 to distinguish UN GHS
non-classiﬁed from classiﬁed chemicals for the combined dataset
including the prospective validation dataset (Table 4) and the addi-
tional existing data from retrospective studies carried out using the
same SOP so that the two sources could be merged (Table 7).
The predictive capacity parameters were derived from the
majority of classiﬁcations and the results summarized in Table 8.
For the identiﬁcation of UN GHS/EU CLP non-classiﬁed chemicals,
the Ocular Irritection assay was found to have an overall sensitiv-
ity of 93.3%, a speciﬁcity of 58.1%, a concordance of 76.1% and a
balanced concordance of 75.7%. Finally, if those materials found
to have a possible reason for misclassiﬁcation were excluded(see chapter 3.6.1), an overall sensitivity of 97.6%, a speciﬁcity of
63.2% and a concordance of 81.0% were obtained. With a preva-
lence of the classiﬁed substances of 52% in the dataset of the
reduced applicability domain, the PPV was 74.1% and the NPV
was 96.0%.
A ROC curve for the Ocular Irritection assay conﬁrmed the
appropriateness of the pre-deﬁned cut-off of 12.5 to distinguish
UN GHS non-classiﬁed chemicals from classiﬁed ones (Fig. 6).
3.5.2. Identiﬁcation of UN GHS/EU CLP Category 1 chemicals
For the identiﬁcation of the UN GHS/EU CLP Category 1 chemi-
cals a post-hoc evaluation of the entire dataset comprising both,
the prospective validation dataset (Table 4) and the additional
existing data from retrospective studies (Table 7) was carried
out. Using the cut-off 30.0 as established in the pre-deﬁned predic-
tion model of the Ocular Irritection, a speciﬁcity of 80.9%, a sensi-
tivity of 50.0% and a concordance of 73.9% was found based on the
enlarged dataset of 88 chemicals.
3.6. Possible reasons for misclassiﬁcation
3.6.1. Identiﬁcation of UN GHS/EU CLP non-classiﬁed chemicals
Results obtained using the 12.5 cut-off to identify UN GHS/EU
CLP non-classiﬁed chemicals showed a total of 21 out of 88 mis-
classiﬁed chemicals (23.9%), representing 3 out of 45 false nega-
tives (6.7%) and 18 out of 43 false positives (41.9%). The three
false negatives represented two in vivo UN GHS/EU CLP Category
2A chemicals (chemicals n. 17 and 77) and one in vivo UN GHS/
EU CLP Category 1 chemical (chemical n. 12). In particular, chem-
ical 12 (Tetraethylene glycol diacrylate, CAS 17831-71-9), is a
polymer reported to be unstable and to polymerize under light.
Despite repeated efforts, it was not possible however to obtain
a certiﬁcate of analyses of this chemical following the practical
testing of the validation study from the manufacturer, in order
to verify the chemical stability or its potential degradation. Fur-
thermore, chemical 77 (10% sodium lauroyl sarcosinate, CAS
137-16-6), is an in vivo UN GHS/EU CLP Category 2A chemical
that was tested in only one retrospective experiment so that its
false negative result is less certain as compared to the other
investigated chemicals.
The potential correlations between the characteristics of chem-
icals considered in the enlarged dataset of 88 chemicals and the
observed misclassiﬁcations were further investigated taking into
account the physical state, water solubility, hazard classiﬁcations
Table 9
Correlations between the misclassiﬁcations observed for the identiﬁcation of UN GHS/EU CLP non-classiﬁed chemicals (bottom-up approach) and the chemical characteristics.
Evaluation based on the combined prospective and retrospective dataset (n = 88 chemicals).
Bottom-up (cut-off 12.5) False negatives False positives Overall mispredictions
Physical state Solid 6.3% (1/16) 55.6% (5/9) 24.0% (6/25)
Non-viscous liquids 7.4% (2/27) 37.9% (11/29) 23.2% (13/56)
Viscous liquids 0.0% (0/2) 40.0% (2/5) 28.6% (2/7)
Water solubility Insoluble and poorly soluble 8.7% (2/23) 40.6% (13/32) 27.3% (15/55)
Soluble 5.3% (1/19) 40.0% (2/5) 12.5% (3/24)
Unknown 0.0% (0/3) 50.0% (3/6) 33.3% (3/9)
Hazard classiﬁcation Harmfula 7.1% (2/28) 54.5% (12/22) 28.0% (14/50)
Respiratoryb 8.0% (2/25) 43.5% (10/23) 25.0% (12/48)
Skin sensitization/allergyc 33.3% (3/9) 40.0% (2/5) 35.7% (5/14)
Speciﬁc target organd 0.0% (0/1) 40.0% (2/5) 33.3% (2/6)
Not classiﬁed n.a. 33.3% (1/3) 33.3% (1/3)
Not available n.a. 0.0% (0/4) 0.0% (0/4)
n.a.: Not applicable.
a Includes the following hazards according to EU CLP: harmful if swallowed (H302); harmful in contact with skin (H312); harmful if inhaled (H332); fatal if inhaled (H330).
b Includes the following hazards according to EU CLP: may cause respiratory irritation (H335), may cause allergy or asthma symtoms or breathing difﬁculties in inhaled
(H334).
c Includes the following hazards according to EU CLP: may cause an allergic skin reaction (H317).
d Includes the following hazards according to EU CLP: causes damage to organs (H370); may cause damage to organs through prolonged or repeated exposure (H372);
causes damage to organs through prolonged or repeated exposure (H373).
Table 10
Identiﬁcation of UN GHS non-classiﬁed chemicals (bottom-up approach): misclassiﬁed organic functional groups as deﬁned by the OECD QSAR toolbox (version 2.3) for the
combined prospective and retrospective dataset (n = 88 chemicals).
Organic functional groups n. False negatives False positives Overall mispredictions
Acetoxy 2 0/1 1/1 1/2
Acrylate 1 1*/1 – 1/1
Alcohol 23 0/12 7/11 7/23
Aliphatic Amine, secondary 3 0/2 1/1 1/3
Alkane branched with quaternary carbon 2 0/1 1/1 1/2
Alkyl 1 – 1/1 1/1
Alkyl halide 6 0/1 1/5 1/6
Allyl 5 1*/1 0/4 1/5
Amidine 3 0/2 1/1 1/3
Arene 7 0/4 1/3 1/7
Benzyl 8 0/7 1/1 1/8
Biphenyl 1 – 1/1 1/1
Carboxamide 5 1/2 3/3 4/5
Carboxylic acid 10 2/9 0/1 2/10
Cycloalkane 7 0/3 3/4 3/7
Cycloalkene 6 0/1 4/5 4/6
Ether 8 1*/2 4/6 5/8
Fused polyciclic aromatic 2 1/2 – 1/2
Heterocyclic fragment 8 0/5 1/3 1/8
Methacrylate 1 – 1/1 1/1
Methyl 1 – 1/1 1/1
Methylene 1 – 1/1 1/1
N/A 8 0/2 2/6 2/8
Phenol 11 1/7 3/4 4/11
Sulfate 4 0/3 1/1 1/4
* Same UN GHS/EU CLP Category 1 compound.
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groups of the 88 tested chemicals.
When considering the overall mispredictions, no clear correla-
tions were found between the physical state, water solubility or
hazard classiﬁcations of the evaluated chemicals and the observed
misclassiﬁcations (see Table 9). Only soluble materials seemed to
be slightly better predicted (12.5% mispredictions versus 24% over-
all), and chemicals classiﬁed for skin sensitization and speciﬁc tar-
get organ seemed to have slightly higher chances of mispredictions
(36% and 33% respectively versus 24% overall).
When considering the false negative predictions, mainly chem-
icals classiﬁed for skin sensitization were found to have higher
chances of under-predictions (33% versus 7% overall). Furthermore,
when considering the false positive predictions, a slight higher ten-
dency of over-prediction was observed with solid materials (56%over-predictions versus 42% overall), and with chemical classiﬁed
as harmful (55% over-predictions versus 42% overall). Besides these
observations, no other clear correlations were found.
The correlation between misclassiﬁcations and the presence of
organic functional groups as deﬁned by the OECD QSAR toolbox
(version 2.3) was further investigated. Table 10 summarizes the
main ﬁndings regarding the number of misclassiﬁed chemicals
(false negatives, false positives and overall mispredictions) over
the total number of chemicals containing a speciﬁc functional
group. Importantly, as one chemical may have more than one
functional group, it was investigated which functional groups
were more likely mispredicted taking into account the different
functional group from the same chemical and the evidence on
the overall chances of misprediction of the speciﬁc functional
groups.
Table 11
Correlations between the misclassiﬁcations observed for the identiﬁcation of UN GHS/EU CLP Category 1 chemicals (top-down approach) and the chemical characteristics.
Evaluation based on the combined prospective and retrospective dataset (n = 88 chemicals).
Top-down (cut-off 30.0) False negatives False positives Overall mispredictions
Physical state Solid 50% (5/10) 6.7% (1/15) 24.0% (6/25)
Non-viscous liquids 44.4% (4/9) 21.3% (10/47) 25% (14/56)
Viscous liquids 100% (1/1) 33.3% (2/6) 42.9% (3/7)
Water solubility Insoluble & poorly soluble 50.0% (6/12) 11.6% (5/43) 20.0% (11/55)
Soluble 42.9% (3/7) 23.5% (4/17) 29.2% (7/24)
Unknown 100%(1/1) 50.0% (4/8) 55.6% (5/9)
Hazard classiﬁcation Harmfula 30.8% (4/13) 16.2% (6/37) 20.0% (10/50)
Respiratoryb 50.0% (6/12) 19.4% (7/36) 27.1% (13/48)
Skin sensitization/allergyc 50.0% (3/6) 12.5% (1/8) 28.6% (4/14)
Speciﬁc target organd n.a. 0.0% (0/6) 0.0% (0/6)
Not classiﬁed n.a. 0.0% (0/3) 0.0% (0/3)
Not available n.a. 0.0% (0/4) 0.0% (0/4)
n.a.: not applicable.
a Includes the following hazards according to EU CLP: harmful if swallowed (H302); harmful in contact with skin (H312);harmful if inhaled (H332); fatal if inhaled (H330).
b Includes the following hazards according to EU CLP: may cause respiratory irritation (H335), may cause allergy or asthma symptoms or breathing difﬁculties if inhaled
(H334).
c Includes the following hazards according to EU CLP: may cause an allergic skin reaction (H317).
d Includes the following hazards according to EU CLP: causes damage to organs (H370); may cause damage to organs through prolonged or repeated exposure (H372);
causes damage to organs through prolonged or repeated exposure (H373).
Table 12
Identiﬁcation of UN GHS Category 1 chemicals (top-down approach): misclassiﬁed functional groups as deﬁned by the OECD QSAR toolbox (version 2.3) for the combined
prospective and retrospective dataset (n = 88 chemicals).
Organic functional groups n. False negatives False positives Overall mispredictions
Acrylate 1 1/1 – 1/1
Alcohol 23 – 7/23 7/23
Aliphatic Amine, secondary 3 0/1 1/2 1/3
Alkane branched with tertiary carbon 7 – 1/7 1/7
Alkane branched with quaternary carbon 2 1/1 0/1 1/2
Allyl 5 1/1 0/4 1/5
Amidine 3 0/1 1/2 1/3
Ammonium quaternary (salt) 3 1/3 – 1/3
Arene 7 0/2 1/5 1/7
Aryl halide 4 1/2 1/2 2/4
Benzyl 8 2/5 2/3 4/8
Carboxamide 5 – 2/5 2/5
Carboxylic acid 10 4/4 1/6 5/10
Carboxylic acid ester 6 – 1/6 1/6
Cycloalkane 7 – 2/7 2/7
Cycloalkene 6 – 1/6 1/6
Ether 8 1/1 3/7 4/8
Imidine (substituted) 2 0/1 1/1 1/2
Methacrylate 1 – 1/1 1/1
N/A 8 – 1/8 1/8
Nitrile 1 – 1/1 1/1
Phenol 11 3/6 1/5 4/11
Phosphate 1 – 1/1 1/1
Sulfate 4 2/2 0/2 2/4
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tional groups that were frequently correlated with under-predic-
tion (in decreasing order) were: acrylate (1/1), allyl (1/1),
carboxamide (1/2), ether (1/2), fused polycyclic aromatic (1/2), car-
boxylic acid (2/9) and phenol (1/7). As a consequence, despite of
the small numbers, acrylate, allyl, carboxamide, ether and fused poly-
cyclic aromatic were identiﬁed as functional groups having P50%
of chances of under-prediction. However, acrylate and allyl
belonged to the same chemical (chemical 12, tetraethylene glycol
diacrylate, CAS n. 17831-71-9) which also had an ether and a car-
boxylic acid functional group. Both the allyl and carboxylic acid
had low chances of overall mispredictions (1/5, 2/10 respectively).
Furthermore, in particular due to its acrylate functional group, this
compound was reported to be unstable and polymerize under
light. As a consequence, the acrylate (Category 1 misprediciton)
and the carboxamide (4/5 overall mispredictions) functional groupswere considered as the most critical functional groups for under-
prediction.
Regarding the 43 UN GHS/EU CLP non-classiﬁed chemicals, as
a higher rate of false positives is generally accepted for a bottom-
up testing strategy (OECD, 2013a–d), only the functional groups
having more than 3 chemicals and being clearly correlated with
over-prediction (P75%) were considered of concern. These were
found to be (in order of concern): carboxamide (3/3), cycloalkene
(4/5), cycloalkane (3/4), and phenol (3/4). However, when evaluat-
ing the classiﬁed chemicals it can be seen that cycloalkanes and
phenols were usually correctly predicted (3/3 and 6/7 correct pre-
dictions). Therefore, only the carboxamide and cycloalkene were
considered as the most critical functional groups for over-
predictions.
It was also noticed that alcohols (7/11 False positives) and ethers
(4/6 False positives) had higher risk of over-prediction. However,
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than 75%. Furthermore, alcohols had a high rate of correct predic-
tions for the classiﬁed chemicals (12/12 correct predictions).
Finally, the alcohol and phenol functional groups comprised a set
of 3 false positive chemicals that also had carboxamide and cyclo-
alkenes functional groups, and if these were not considered the
overall chances of over-prediction for alcohols and phenols would
be below 50%, so that these functional groups were considered of
less concern as compared to the carboxamide and cycloalkene func-
tional groups.3.6.2. Identiﬁcation of UN GHS/EU CLP Category 1 chemicals
Results obtained using the 30.0 cut-off to identify UN GHS/EU
CLP Category 1 chemicals showed a total of 23 out of 88 misclassi-
ﬁed chemicals (26.1%), representing 13 out of 68 false positives
(19.1%) and 10 out of 20 false negatives (50.0%). Table 11 shows
the possible correlations between the misclassiﬁcations observed
and the chemical characteristics such as physical state, water sol-
ubility and hazard classiﬁcations (other than for eye and skin haz-
ards). When considering the overall mispredictions, no clear
correlation between the physical state, water solubility or hazard
classiﬁcations of the evaluated chemicals and the observed mis-
classiﬁcations were found. The only tendency observed was for vis-
cous liquids to have a slightly higher chances of mispredictions
(43% mispredictions versus 26% overall). The same ﬁndings were
observed when considering the false negative and the false positive
predictions, although based on smaller numbers (1/1 under-pre-
diction versus 50% overall; and 33% over-predictions versus 19%
overall).
Table 12 shows the correlation between misclassiﬁcations and
the presence of organic functional groups as deﬁned by the OECD
QSAR toolbox (version 2.3). Due to the fact that in a top-down
approach, a negative result would require further testing, only
those functional groups having more than 2 chemicals (to ensure
sufﬁcient evidence) and having >50% of chances of under-predic-
tion were considered of concern. These were found to be (in order
of concern): carboxylic acid (4/4) and sulfate (2/2). The alkane
branched with quaternary carbon (1/1) also showed concerns of
under-prediction but to a lesser extend due to the small sample
size. Furthermore, the acrylate (1/1), allyl (1/1) and ether (1/1)
organic functional groups belonged all to the same chemical that
also contained the carboxylic acid organic function (chemical 12,
tetraethylene glycol diacrylate, CAS n. 17831-71-9), and were as
such considered of less concern as compared to carboxylic acid
for which a higher number of under-predictions were found.
Regarding the 68 UN GHS/EU CLP non-Category 1 chemicals,
none of the organic functional groups with more than 3 chemicals
were found to have P75% chances of over-prediction. Only a
higher tendency of over-prediction was observed with the follow-
ing functional groups: benzyl (2/3), imidine (1/1), methacrylate (1/
1), nitrile (1/1), phosphate (1/1). However, for the benzyl organic
functional group, one of the misclassiﬁed chemicals (chemical 69,
dibenzyl phosphate, CAS n. 1623-08-1) also had a phosphate
organic functional so that it remains unclear whether its mispre-
diction is linked to the benzyl or the phosphate organic functional
group. In conclusion, no clear correlations between misclassiﬁ-
cation and organic functional groups were found for the identiﬁca-
tion of UN GHS/EU CLP Category 1 chemicals versus non-Category
1 chemicals. Only the carboxylic acid and sulfate functional groups
were found to have higher chances of under-prediction.4. Conclusions
The present study showed that the Ocular Irritection assay, a
reﬁned protocol of the former Eytex, is reproducible within-laboratories, transferable to both experienced and naïve laborato-
ries, and also reproducible between-laboratories. Regarding the
identiﬁcation of UN GHS/EU CLP non-classiﬁed chemicals the
within-laboratory analyses showed that 84% to 93% of chemicals,
depending on the laboratory, had a SD < 4, and that the within-
laboratory concordance of classiﬁcations for three independent
runs ranged between 79% and 89% in the three participating labora-
tories. Furthermore, the overall between-laboratory concordance of
classiﬁcations was found to be 82% (46/56). This outcome is slightly
higher as compared to recently adopted test guidelines aiming the
same purpose, i.e., the identiﬁcation of non-classiﬁed chemicals
(OECD, 2013a–d). Indeed, the Isolated Chicken Eye (ICE) test
method (OECD TG 438, 2013a,b) was found to have a between-
laboratory concordance of classiﬁcations of 75% (44/59) and the
Bovine and Corneal Opacity and Permeability (BCOP) test method
(OECD TG 437, 2013c,d) of 80% (103/128).
Regarding the identiﬁcation of UN GHS/EU CLP Category 1
chemicals the within-laboratory concordance of classiﬁcations for
three independent runs was slightly better ranging from 84% to
91% in the three participating laboratories. Similarly, the overall
between-laboratory concordance of classiﬁcations was found to
be slightly higher representing 84% (47/56). Such an outcome is
also higher as compared to currently adopted test methods in
which previous evaluations showed between-laboratory concor-
dance of classiﬁcations for the identiﬁcation of UN GHS/EU CLP
Category 1 chemicals of 75% (44/59) for the ICE test method
(OECD TG 438, 2013a,b) and of 72% (91/127) for the BCOP test
method (OECD TG 437, 2013c,d).
The better performances observed with the Ocular Irritection
assay may be due to its biochemical nature, having less sources
of variability as compared to other in vitro assays. Importantly,
these values were obtained without introducing internal accep-
tance criteria based on the variability of results such as those
applied to reconstructed tissue models (e.g., OECD TG 439, 2013e).
Regarding the evaluation of the Ocular Irritection assay’s pre-
dictive capacity, it is critical to consider the uncertainty of the
in vivo Draize rabbit eye test. Adriaens et al. (2014) have recently
reported that there is a probability that at least 11% of chemicals
classiﬁed in vivo as UN GHS/EU CLP Category 1 may be identiﬁed
as Category 2 by the Draize eye test itself, and that about 12% of
the Category 2 chemicals may be identiﬁed as non-classiﬁed chem-
icals. These results were obtained taking into account only the
in vivo within-test variability. If variability between tests and
between laboratories were taken into account the in vivo variabil-
ity and ensuing probability of under-predicting itself would cer-
tainly further increase as previously reported (Weil and Scala,
1971; Marzulli and Ruggles, 1973; Cormier et al., 1996). In partic-
ular, a quantiﬁcation of the Draize rabbit eye test between-labora-
tory variation carried out by Cormier et al. (1996), found a
coefﬁcient of variation (CV) of 38% for one material tested in sev-
eral laboratories in 13 studies based on the Draize Maximum Aver-
age Score. The authors also calculated the CVs from the MAS scores
obtained at the 24 h observation time in the work of Weil and Scala
(1971), and have found it to range from 42% to 59% for 9 test mate-
rials tested in 24 laboratories. Such variation might be due to the
subjectivity in scoring but also due to the fact that the in vivo rabbit
eye irritation/corrosion test has no standardized exposure regimen,
so that the duration of exposure of the test substance with the rab-
bit eyes remains unknown and can vary from a fewminutes to sev-
eral hours especially for solids and sticky materials (Prinsen, 2006;
OECD, 2013b). Furthermore, the type of exposure in the rabbit eyes
does not necessarily reﬂect human accidental exposures (Grifﬁth
et al., 1980; OECD, 2013b), and differences in physiology and sen-
sitivity to tested chemicals exist between rabbit and human eyes
so that the animal test has been shown to be in general more sen-
sitive to irritating substances than the eyes of humans (Beckeley
1064 C. Eskes et al. / Toxicology in Vitro 28 (2014) 1046–1065et al., 1969; Freeberg et al.,1984; Gershbein and McDonald, 1977;
Grifﬁth et al., 1980; OECD, 2013b; Roggeband et al., 2000;
Wilhelmus, 2001; ILSI, 1996).
The predictive values obtained in the present prospective and
retrospective study for the identiﬁcation of UN GHS/EU CLP non-
classiﬁed chemicals based on the existing cut-off of 12.5 and taking
into account the enlarged dataset of 88 chemicals showed an over-
all sensitivity of 93%, a speciﬁcity of 58% and a concordance of 76%.
Taking into consideration the variation observed in the Draize rab-
bit eye test and its over-prediction as compared to human effects
as described above, the present ﬁndings were considered promis-
ing. Further investigations were however carried out to identify
and/or understand possible reasons for misclassiﬁcation. Although
no clear reasons for misclassiﬁcation was found regarding chemi-
cals physical state, solubility and hazard classiﬁcations, some
interesting tendencies were found. In particular, chemicals classi-
ﬁed as harmful had higher chances of over-prediction (55% over-
predictions versus 42% overall), and chemicals classiﬁed as skin
sensitizers had higher chances of under-prediction (33% versus
7% overall), suggesting that, despite its biochemical nature, the
Ocular Irritection mispredictions were somehow related to other
hazard effects. Furthermore, solid materials had a slightly higher
tendency of over-prediction (56% over-predictions versus 42%
overall), and soluble materials showed lower chances of mispredic-
tions (12.5% mispredictions versus 24% overall).
More importantly, some organic functional groups as deﬁned by
the OECD QSAR toolbox, which is an open and freely available
internet tool, were found to possibly correlate with the observed
mispredictions. In particular, acrylate and carboxamidewere identi-
ﬁed as critical functional groups for possible false negative predic-
tions, and carboxamide and cycloalkenes identiﬁed as critical
functional groups for possible false positive and overall mispredic-
tions. The chemicals containing these three functional groups
(acrylate, carboxamide and cycloalkenes) in the enlarged dataset of
88 chemicals represented four UN GHS/EU CLP Classiﬁed materials
(one Category 1 and three Category 2) and ﬁve UN GHS/EU CLP
non-classiﬁed chemicals. Excluding the chemicals having these
functional groups from the Ocular Irritection assay’s applicability
domain, would still result in a sufﬁciently large dataset to derive
sound conclusions (n = 79 chemicals distributed as 41 UN GHS
Classiﬁed and 38 Non-Classiﬁed chemicals). In this case an overall
sensitivity of 98%, a speciﬁcity of 63% and a concordance of 81%
was obtained for the Ocular Irritection assay’s capability to pre-
dict chemicals not requiring classiﬁcation according to the UN
GHS/EU CLP classiﬁcation systems. For comparison, the recently
adopted ICE test method was found to have a sensitivity of 99%
(72/73), a speciﬁcity of 67% (53/79) and a concordance of 82%
(125/152), and the BCOP a sensitivity of 100% (107/107), a speciﬁc-
ity of 31% (28/89) and a concordance of 69% (135/196) (OECD,
2013a–d).
Regarding the identiﬁcation of serious eye damage (UN GHS/EU
CLP Category 1) a post-hoc evaluation based on the existing cut-off
of 30.0 showed the Ocular Irritection assay to have a speciﬁcity of
81% and a sensitivity of 50% based on the enlarged dataset of 88
chemicals. These values are in line with the other adopted test
methods such as the BCOP which has a speciﬁcity of 75% and a sen-
sitivity of 86%, the Fluorescein Leakage assay which has a speciﬁc-
ity of 93% and a sensitivity of 44%, and the ICE which has a
speciﬁcity of 94% and a sensitivity of 52% (OECD, 2012a,b,
2013a,d). Further investigations conducted to better understand
possible reasons for misclassiﬁcation showed no clear correlation
between the physical state, water solubility or hazard classiﬁca-
tions of the evaluated chemicals and the observed misclassiﬁca-
tions. Only the presence of the organic functional groups
carboxylic acid and sulfate seemed to correlate with possible
under-predictions of the chemicals. Excluding these functionalgroups from the Ocular Irritection assay’s applicability domain
(n = 74) would still result in a speciﬁcity of 80% (48/60) whilst
improving sensitivity to 71% (10/14) for the Ocular Irritection
assay’s capability to identify UN GHS/EU CLP Category 1 chemicals.
In conclusion, the Ocular Irritection assay was shown to be a
useful assay for the identiﬁcation of chemicals not requiring classi-
ﬁcation for eye hazards according to the UN GHS/EU CLP classiﬁca-
tion systems, i.e., to be used as an initial step in a bottom-up
testing strategy approach as deﬁned by Scott et al. (2010), espe-
cially if the organic functional groups acrylate, carboxamide and
cycloalkenes were to be excluded from its applicability domain in
the bottom-up approach. Furthermore the method was found also
suitable to identify serious/irreversible eye damage (Category 1)
based on the UN GHS/EU CLP classiﬁcation systems, i.e., to be used
as an initial step in a top-down testing strategy approach as
deﬁned by Scott et al. (2010). Finally, the Ocular Irritection assay
presents the advantage of being a fast, inexpensive and reproduc-
ible assay that because of its biochemical nature is readily available
across the world, representing eventually a good candidate for
high-throughput adaptation. The detailed documentation and
results of the study have been submitted for peer-review to an
internationally recognized validation centre.
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